

2230 


1 NACA RM E51F28 


KAIIOKAL ADVISORY COMMITTEE FOR AEROKAUTICS 
RESEARCH MEMORANDUM 

SOME EFFECTS OF BLADE mAILEETG-EDGE THICKNESS ON EERFORMAHCE 
OF A SINGLE-STAGE AKIAL-FLCW COMPRESSOR 
By J. J. Moses and G. K. Serovy 


SUMMARY 

An investigation, was conducted to determine some effects of Blade 
trailing-edge fhi.ckness on the performance of a single-stage axial -flow 
conpressor having a tip diameter of 14 inches and a huh-to-tip diameter 
ratio of 0.8 at the rotor leading edge. A rotor row of modified NACA 
65-series Blower Blades designed for higdi inlet Mach numbers, high 
Blade loading, and axial inlet velocity was investigated for Blade 
trailing-edge thicknesses of 0.045, 0.030 and 0.015 inch, which gave 
ratios of trailing-edge thickness to maximum Blade thickness of 0.30, 
0.20, and 0.10. Over -all total-pressure ratio and adiaBatic efficiency 
were determined for a cong)lete range of welgdit flows at six equivalent 
tip speeds from 450 to 915 feet per second. A range of relative equiv- 
alent inlet Mach number from 0.40 to 0.93 at the rotor mean radius was 
covered) the approximate Reynolds number Based on Blade chord varied 
from 261,000 to 604,000. 

No measurahle effect of trailing-edge thickness on total-pressure 
ratio was obtained over the efficient operating speed range of the com- 
pressor. The efficiency tended to increase slightly with increasing 
trailing-edge thickness. The magnitude of the change, however, was 
within the accuracy of measurement (1 to 2 percent) . A lower critical 
Mach number was indicated for the 0.015-inch thickness than for the 
0.030- and 0. 045-inch thicknesses. 

Trailing-edge thicknesses up to 30 percent of maximum Blade thick- 
ness were used without sacrifice of performance for "Uie NACA 65-series 
Blade sections. 



INTRODUCTION 

Axial-flow compressor -Blade faBricatlon would Be simplified if the 
permissiBle thickness of the Blade trailing edge could Be increased 
over the theoretically determined Blade profile. Increasing the Blade 
trailing-edge thickness may introduce a decrease in Blade operating 
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efficiency. The data of references 1 to 3 indicate that to obtain nax- 
Imum blade -section efficiency, the thichness of the trailing edge 
should be as small as possible. On the other hand, no appreciable 
trailing -edge -thickness effect on blade performance for thicknesses up 
to 20 percent of the maximum, blade thickness is indicated in. refer- 
ence 4. 

Results for isolated airfoils presented in reference 5 show that 
an increase in lift and an Increase in profile losses occur when 
traillng-edge thickness is increased. If the lift increases, a 
decrease in blade-section lift-drag ratio will not necessarily result 
in a decrease in con 5 >ressor efficiency because blade -profile losses are 
only a small part of the total losses of a compressor. Therefore the 
investigation was conducted to determine the effect of blade traillng- 
edge thickness on the performance of a typical axial-flow cong)resBor 
stage . 

A single row of compressor blades with modified NACA blower blade 
sections of 65-(l4)l0, 65-(9.6)09, and 65-(7.3)08 at the hub, mean, 
and tip radius, respectively, was installed in a 14 -inch diameter 
single-stage compressor test rig. The performance of this blade row 
was coanpared over a range of flows at six eg.ulvalent tip speeds from 
450 to 915 feet per second for tralling-edge thicknesses of 0.045, 
0.030, and 0.015 inch. 

As a check on the results obtained from the compressor tests, a 
brief supplementary investigation was made on a two-dlme3asional cascade 
of HACA 65-(l2)l0 blades with traillng-edge thicknesses of 0.045 and 
0.010 inch. 


SYMBOLS 

The following symbols are used in this report: 

P absolute total pressure, (ib/sq. ft) 

r radius to blade element, (ft) 

U.J. blade-tip velocity^ (ft/sec) 

equivalent tip speed, (ft/sec) 

W weight flow, (Ib/sec) 

W/'/s/S weight flow corrected to MCA standard sea-level conditions, 
(Ib/sec) 
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S ratio of ^let total pressure to standard sea-level pressure 

adiabatic efficiency 

0 ratio of inlet total ten^erature to standard sea-level 

teirperature 

Subscripts: 

0 depression tank 

2 outlet measuring station 

t tip 


APPAEIAIUB 

Goirpressar Blading and Design 

The blading used for this investigation was similar to that of re- 
ference 6 with the exception of the modified trailing-edge and consisted 
of a single row of 29 rotor blades designed for axial inlet velocity and 
having a constant solidity of 1.2, Modified KACA 65-(l4)l0, 65-(9.6)09, 
and 65- (7. 3) 08 blower-blade sections were used at hub, mean, and tip sec- 
tions, respectively. Chord length varied from 1.460 at the hub to 1.641 
at the mean radius and 1.822 inches at the tip. The blades were fabrica- 
ted with a tr ai ling- edge thickness of 0.045 inch, which was then reduced 
by hand-finishing to 0.050 and 0.015 inch, successively. The ratio of 
blade trailing-edge thickness to maximum blade thickness is approximately 
0.10, 0.20, and 0.30 for the 0.015-, 0.030-, and 0.045- inch thicknesses. 

The trailing-edge thickness was increased equally on the suction 
and pressure surfaces. The theoretical airfoil was first designed with 
zero camber (fig. 1(a)) and lines were drawn from the extremities of 
the desired trailing-edge tangent to the blade surfaces. The new 
thickness distribution was then placed on the cambered airfoil 
(fig. 1(b)). This procedure eliminated the point of inflection that 
exists on the aft portion of the theoretical airfoil. 

The blading was installed in a variable-component axial-flow com- 
pressor having a constant tip diameter of 14 inches and hub-to-tlp 
diameter 'ratio of 0.8 at the rotor inlet. Static rotor tip clearance 
was approximately 0.020 inch. 
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Con 5 >ressor Installation and. Instrumentation 

The compressor installation is shown schematixally in figure 2 and 
is similar to that described in reference 6. Instrumentation for 
determination of over-all con 5 )ressor performance was similar to that of 
reference 6 and was located at the stations indicated in figure 2. 


Cascade Installation and Blading 

The cascade studies were made on a 3^-inch two-dimensional, solid- 

wall cascade. A set of six MCA 65 -(12) 10 blades having a chord length 
of 1.5 inches, a solidity of 1.0, and a stagger angle of 45° was 
Installed in the cascade and tested for trailing-edge thicknesses .of 
0.010 and 0.045 IncEI“'ThelDlades w^e altered to obtain the desired 
tralllng-edge thickness in the same manner as the congpressor blades. 


EROCEDUEE AUD METHOD OF CALCUIATIOH 

For each trailing-edge thickness, compressor performance was 
measured at equivalent tip speeds of 450, 600, 736, 798, 874, and 
915 feet per second. At each speed, the weight flow was varied from 
an approximate maximum to the region of unstable ppefation. A constant 
pressure of 25 Inches of mercury absolute was maintained in the depres- 
sion tank for all speeds and weight flows. The range of equivalent 
relative inlet Mach numbers and Reynolds numbers covered at each tip 
speed is summarized in table I. 

The methods of reference 6 were used to calculate the total- 
pressure ratio and the adiabatic efficienjcy of the compressor. Over- 
all total-pressure ratio was obtained from a mass -flow-weighted aver- 
age of the isentropic energy input integrated across the flow passage. 
The adiabatic efficiency was obtained by dividing the integrated 
isentropic energy input to the air by the Integrated energy input due 
to change in angular momentum across the rotor. 


RESUIIDS AND DISCUSSION 

A comparison of blade-row performance for three blade tralllng- 
edge thicknesses at each of six equivalent tip speeds is shown in fig- 
ure 3. The curves' shown were drawn through the data fcxr the 0.015 -inch 
trailing-edge thickness. Over the efficient operating range of the 
compressor, that is, tip speeds up to 874 feet per second, no appreci- 
able effect of trailing-edge. thickness on total -pres sure ratio was 
measured. The con 5 >ressor efficiency, however, tended to increase with 
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Increasing tralllng-edge thickness. Although the differences (about 1 
to 2 percent) were within the accuracy of measurement, they were con- 
sistent for the speeds investigated. At an eq.uivalent tip speed of 
915 feet per second (relative inlet Mach number of about 0.9) , an 
appreciable drcrp in efficiency occurred, which indicated shock losses. 
Althou^ little change in total-pressure ratio or efficiency occurred 
between the 0.045- and 0.030-inch thicknesses, a noticeable decrease 
in both total-pressure ratio and efficiency took place for the 
0.015 -inch thlckaess, which indicated a lower critical Mach number. 

A comparison of these results with those of reference 6 Indicates 
that traillng-edge thickness has less effect over the range Investigated 
on the performance of a blade row than do other small variations in 
blade row geometry. Although care was exercised to maintain a constant 
blade angle throu^out the investigation, a reasonable tolerance in 
blade angle. was allowed for the initial setting of the blades. The 
blade settings for this investigation were probably different from 
those of reference 6 and therefore, although the peak efficiency and 
pressure ratios were comparable (fig. 3) , the weight flows at which 
these peak values occurred were different because of the blade setting. 

In figure 4 a comparison is made of the radial variation of total- 
pressure ratio and adiabatic efficiency for the three thicknesses 
Investigated. The curves are plotted for a point in the useful oper- 
ating range of the canrpressor corresponding to a relative equivalent 
inlet Mach number of approximately 0.7 and for a corrected wel^t flow 
of 11 pounds per second on the curves of figure 3(c) . Except near the 
hub and the tip where flow conditions are poor, the tralling-edge- 
thickness effect was negligible even though the chord length and blade 
section vary from hub to tip. At higher speeds where a noticeable 
traillng-edge thlckaess effect occurs the effect, in general,, was the 
same at all radii. 

A rough check on the compressor results with the two-dimensional 
cascade indicated an Increase in lift of about 8 percent when the blade 
tralling-edge thickness was Increased from 0.010 to 0.045 inch. Wake 
surveys, however. Indicated a sufficient broadening of the wake to 
cause a decrease in lift-drag ratio of approximately 4 percent. The 
increase in lift is in agreement with the results obtained in refer- 
ence 5, which ascribes the Increased lift characteristics for Increasing 
traillng-edge thickness to the decreasing magnitude and extent of 
adverse pressure gradient over the trailing edge of the airfoil. 

The increase in lift caused by the thicker trailing" edge could 
result in an increase in conpressor efficiency even with a decrease in 
lift-drag ratio because the drag measured in a cascade includes only 
the profile losses, which are a small part of the total losses in a 
compressor. In the conpressor tests, however, no appreciable increase 
in lift or energy addition was observefd with increasing traillng-edge 
thickness. The basis of this discrepancy between the cascade and the 
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compressor results is not evident, "but may be tbe result of the second- 
ary flows and the effect of rotating -blade wakes on the flow measure- 
ments in the compressor. 

The compressor results show that trailing-edge thicknesses up ta 
30 percent of maximum blade thickness can be used without appreciably 
affecting the performance of blade sections having loading distribu- 
tions similar to that of the NACA 65-series airfoil sections. 

SUMMARY OF RESULTS 

An investigation was made to determine some effects of blade 
trailing-edge thickness on the performance of a single-stage axial-flcw 
con 5 >ressor using a rotor row of highly- loaded NACA 65-series blower 
blades designed for axial inlet velocity. Over-all con 5 >ressor perform- 
ance was compared for blade trailing-edge thicknesses of 0.045, 0.030, 
and 0.015 inch. The trailing-edge thickness varied from 30 to 10 per- 
cent of maximum blade thickness. A range of weight flows was covered 
at each of six eq.ui valent tip speeds from 450 to 915 feet per second. 

The relative eq.ul valent inlet Mach nurcbers varied from 0.40 to 0.93 
and the approximate Reynolds numbers from 261,000 to 604,000. The 
results are summarized as follows: 

1. Over the efficient operating speed range of the compressor (up 
to an eq.uivalent tip speed of 874 ft/sec) no measurable effect on 
total pressure was obtained when the blade trailing-edge thickness was 
varied from 0.015 to 0.045 inch. The efficiency showed a tendency to 
Increase slightly with increasing trailing-edge thickness. The mag- 
nitude, however, was within the accuracy of measurement ( 1 to 2 percent) . 

2. At an equivalent tip speed of 915 feet per second, little 
difference in total -pressure ratio and efficiency for the 0.045- euad 
0.030-lnch thicknesses occurred. A noticeable decrease in performance 
for the 0.015-lnch thickness indicated a lower critical Mach number for 
this trailing-edge thickness. 

3. Trailing-edge thicknesses up to 30 percent of maximum blade 

thickness were ixsed without sacrifice of perfoimance for NACA 65-series 
blade sections. 


Lewis Fli^t Propiilsion Laboratoi^, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I - EQCJIVALElilT BELATIVE , MACS . IRIMBER AMD REYNOLDS 
NUMBER AT ROTOR INLET 


Equivalent 
tip speed 
(ft/sec) 

Percent 

of 

design 

speed 

Equivalent relative 
inlet Mach number 

Reynolds mxaiber 

Minimum 

Maximum 

; Minimum 

Maximum 

450 

61-1 

0-40 

0.52 

2.61X10^ 

3.56X10^ 

600 

81.5 

.54 

.66 

3.59 

4 .46 

736 

100 

.66 

• 78 

4.37 

5.20 

798 

108.4 

.72 

.84 

5.05 

5.52 

874 

118.7 

.79 

.90 

5.34 

5.88 

915 

' 124.3 

.81 

.93 

' 5.71 

6.04 
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Distance along chord, fraction of chord 
(h) Final airfoil shape. 


Figure 1. - Airfoil profile at mean radius for three trailing- edge thlctaiBSses . 


s 



JlgUTd 2. Soheontlo dl/tgraji of cooprQssar Imstallatioai, 


MACA RM E51F20 





ratio, PgAo Adi«b«t±o amolanoy 



(») BquivBlwt tip ipead, *SO f**t par aeaojnd. (>>) MUlv«I«it tip apaad, BOO feat par leoond, 

ptgure S. - Variation of total-preeaura ratio and adlatatlo afflalanoy wltb oorraotad weight flow for thpraa tralllng-edga thlokneBeea 








I Corrected w«lght Vlo^, lb/B«o | 

(o) Bqulvalaiit tlpjapaad, 756 faet par scoond. (d) Bqulvalffit tip Bpaad^ 799 par looond. 

?tgura 3, - Contlnufd. Variation of total-preaaurt ratio and adiabatic efflolancy with oorreoljad vaight How for thraa tralling-adge thlokneisav. 
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(•) JJqulvmlent tip ip**d, 874 fa4t per seoond* ^ (f) BguiTalaBt tip ■paed« fllB feet per seoorul. 

flgore S. - Oonoluded, Variation of totil-preaaura ratio and adlabatlo afflolexwy with ogrreoted flow for threa 

trail tblo^meaaes. 
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Figure 4. - Radial variation, of total-pressure ratio and 
adiabatic efficiency for three tralling-edge thicknesses at 
corrected velght flow of 11 pounds per second for equivalent 
tip speed of 736 feet per second. 
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